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(54) Location dependent services 

(57) A system for providing location dependent 
services to a plurality of mobile terminals within a cov- 
erage area. The system defines services deployment 
areas in which the services are available. A server re- 
ceives, from a plurality of sources, location information 
indicating the locations of mobile terminals and tracks 



them so that their presence in particular service deploy- 
ment areas can be determined. The services receive 
meta- in format ion classifying the location information 
and use this meta-information to determine whether the 
source of the location information is reliable enough for 
the service to be provided. If it is reliable enough, the 
service is provided to the mobile terminal. 
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Description 

[0001] The present invention is related to the provi- 
sion of location dependent services. 
[0002] A location dependent service (LDS) is provid- 5 
ed only to service users within a particular location or 
area. Therefore, it is necessary to control access to such 
services based on the location of a user. In the case of 
mobile users, they may not be aware of services avail- 
able in a particular location and so it is convenient to 10 
advertise the existence of the services to the user Once 
a user has been made aware of a service, and has de- 
cided to activate it, a service application in the form of 
software might need to be downloaded into the user's 
terminal. Various forms of download can be used, for is 
example Java. 

[0003] Certain wireless communications systems are 
divided into a plurality of individual coverage areas, 
sometimes referred to as cells, which are served by in- 
dividual base stations or access points. In such a cellular 20 
communications network, a cell can be several kilome- 
tres across. In systems such as the GSM (Global Sys- 
tem for Mobile communications) system, mobile tele- 
phones are tracked so that the cell in which they are 
currently located (that is, the cell identity or cell ID) can 25 
be identified. This is necessary in routing telephone 
calls. 

[0004] In the case of other wireless communications 
systems, for example a Bluetooth system or a wireless 
local area network (WLAN), the size of individual cover- 30 
age areas can be in the regions of tens of metres. The 
size of the coverage areas may also depend on their 
environment, for example they may be confined to a sin- 
gle room or space in a building. 

[0005] A terminal in a WLAN can request a service 35 
without requiring a physical connection to it. Therefore, 
it has been proposed that a terminal such as a lap top 
computer will be able to use a service, for example a 
printer, which is in its vicinity. This is one way to provide 
an LDS. In providing these services, service discovery *o 
mechanisms such as Service Location Protocol (SLP) 
and Jini have been proposed. 

[0006] Systems are known which are used solely for 
determining location. Such a system is the Global Posi- 
tioning System (GPS). It has been proposed to use a 
GPS receiver in mobile telephones in a mobile telecom- 
munications network for location determination. This 
means that the mobile telephone can be located in the 
event of it making emergency calls. Alternatively it can 
be used to provide interactive map services, for example 50 
in a navigation system. In such a system, mobile termi- 
nals are tracked and provided with information to guide 
a user, typically the driver of an automobile, to reach a 
particular location. 

[0007] As the sophistication of wireless communica- 55 
tions networks and mobile terminals increases it has 
been proposed to include in wireless communications 
systems a variety of services which can be accessed by 



users. The services may be location independent, for 
example SMS messaging and communication over 
WAP, or location dependent, for example services which 
are only available when a mobile terminal is in a partic- 
ular location. An example of a LDS is presentation of 
discounted prices to a mobile terminal user in a shop. It 
is possible that LDSs may be confined to areas which 
are smaller than the size of a coverage area of the wire- 
less communications network. Therefore, providing a 
LDS to all mobile terminals in a particular coverage area 
may provide it over too large an area. It has been pro- 
posed that LDSs may be provided by local access points 
within the wireless communications network. In this way, 
communications may be provided over base stations 
and services may be provided over local access points 
such as Bluetooth or WLAN. 

[0008] It has been proposed to track the location of 
mobile terminals by a positioning system such as GPS 
and to provide LDSs to the terminals when they are in 
proximity to a particular location. 
[0009] It is becoming desirable to provide services 
from the Internet to mobile terminals such as mobile tel- 
ephones. 

[0010] According to a first aspect of the invention 
there is provided a system for providing services to at 
least one mobile terminal comprising: 

an area containing a plurality of service locations to 
which services are associated, the mobile terminal 
being moveable within the area; 
a plurality of location information sources to provide 
location information indicating the location of the 
mobile terminal; 

means for tracking the mobile terminal relative to 
the service locations so that the presence of the mo- 
bile terminal at a particular service location of a 
service can be determined; 
a server for receiving the location information and 
determining whether location information from at 
least one source provides a basis for providing the 
service; and means for providing the service to the 
mobile terminal. 

[0011] Preferably the system provides service to a 
plurality of mobile terminals. 

[0012] The system may look at the available location 
information from the plurality of sources and determine 
that location information from one source provides the 
most suitable location information for a particular type 
of service. Using one particularly suitable type of loca- 
tion information provides better targeting of services. 
[0013] Preferably the system applies to the location 
information a classification which indicates the reliability 
of the location information. Reliability of location infor- 
mation may refer to: 

(i) functions making no error in obtaining, process- 
ing and forwarding location information; 
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(ii) its accuracy, for example its resolution; or 

(iii) its trustability, that is that it does indeed come 
from its purported source. 

[0014] Reliability may refer to all of these matters. If 5 
the location information is not reliable enough, the serv- 
ice may not be provided to the mobile terminal. 
[0015] Preferably the server receives and classifies 
location information from all of the location information 
sources. However, it may receive and classify location 
information from some or even only from one location 
source. 

[001 6] Preferably there is a plural ity of different types 
of location information sources. For example, the loca- 
tion information sources may comprise electronic sys- 
tems for determining location or may be a user of the 
mobile terminal providing the information. In an embod- 
iment in which there are electronic systems, one or more 
of these may comprise GPS, Time of Arrival (TOA) or 
Estimated Observed Time Difference (EOTD) or a com- 
bination of these. EOTD is a mechanism for determining 
location in a radio access network (RAN) by appropri- 
ately processing radio network measurements. Alterna- 
tively the electronic systems may determine location in- 
formation based on proximity to access points. Such a 
system may be based on Bluetooth or WLAN access 
points. 

[0017] Preferably, the system has selection means for 
selecting location information from one particular loca- 
tion information source when location information from 
more than one location information is available. 
[0018] Preferably the system comprises a location in- 
formation handler to combine location information gath- 
ered from different sources. The location information 
handler may convert location information presented in 
different forms into other forms, for example to different 
logical location representations of the location informa- 
tion and especially to human-readable forms. 
[0019] Preferably the location information handler 
comprises a location server. The location server may 
comprise a network location provider. The network lo- 
cation provider may provide a standard interface for the 
location server to get location information. The location 
information handler may comprise a location agent. The 
location agent may be located in a mobile terminal. The 
location information handler may comprise a positioning 
system to be used by at least one location agent. 
[0020] Preferably the system comprises means for 
uniquely identifying the mobile terminals. 
[0021] Preferably the system defines a service de- 
ployment area where the service is offered or provided 
or both. 

[0022] Preferably the system comprises a profiling 
sub-system which keeps and/or compiles profiles relat- 
ed to one or more of a user, a mobile terminal and a 
service. For example the profiles may contain informa- 
tion selected from terminal capabilities, such as the 
model, its screen size, its connection speed, user char- 



acteristics, such as the user's gender, age and the cat- 
egory of user, for example whether a gold or a silver us- 
er, and preferences of the user selected list, such as 
expressed interest in music, clothes or electronics or 
other matters. The profiles may be used for comparison 
purposes. For example, service profiles may be com- 
pared against user and mobile terminal profiles for de- 
termine whether provision of such services to such a 
mobile terminal or a user is permitted or is possible. The 
user and mobile terminal profiles can be used to deter- 
mine targeting of advertisements. Preferably, location 
information is used to determine targeting of services. 
This provides a high degree of customisation of services 
and advertisements. 

[0023] Preferably the system comprises means for 
downloading of applications in mobile terminals. When 
activated, these applications may allow for the provision 
of certain services. 

[0024] Since the system receives location information 
from a plurality of sources it provides a simplified inter- 
face for querying, thereby reducing the complexity and 
computing overhead of services. 
[0025] The invention integrates the provision and 
management of services which makes it attractive for 
use in ISPs and network infrastructures, and with mobile 
terminals. 

[0026] Preferably the system comprises a wireless 
communications system. It may comprise a cellular tel- 
ephone network. 

[0027] Preferably the system comprises a plurality of 
superimposed wireless systems. In one embodiment, 
there may be communications system and superim- 
posed on it other systems. The other systems might be, 
for example, a positioning system such as GPS or local 
positioning systems in which position is determined from 
the ability to communicate with a local access point. The 
local positioning systems can also provided access 
points from which services may be obtained. Such an 
arrangement can present a series of overlapping areas 
in which communications and/or services are provided. 
In such a system, the invention is particularly useful in 
distinguishing the movement of mobile terminals inside 
such overlapping areas. 

[0028] According to a second aspect of the invention 
there is provided a method for providing services to at 
least one mobile terminal comprising the steps of: 

associating services with a plurality of service loca- 
tions in an area the mobile terminal being moveable 
within the area; 

providing location information from a plurality of lo- 
cation information sources indicating the location of 
the mobile terminal; 

tracking the mobile terminal relative to the service 
locations so that the presence of the mobile terminal 
at a particular service location of a service can be 
determined; 

receiving the location information and determining 
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whether the location information from at least one 
source provides a basis for providing the service; 
and 

providing the service to the mobile terminal if there 
is basis. 

[0029] According to a third aspect of the invention 
there is provided a computer program product compris- 
ing a computer readable medium having thereon: 

computer executable code for defining a plurality of 
service locations in an area and associating servic- 
es with the service locations; 
computer executable code for receiving location in- 
formation from a plurality of sources indicating the 
location of at least one mobile terminal moveable 
within the area; 

computer executable code for tracking the mobile 
terminal relative to the service locations so that the 
presence of the mobile terminal at a particular serv- 
ice 

location can be determined; 
computer executable code for determining whether 
the location information from at least one source 
provides a basis for providing the service; and 
computer executable code for providing the service 
to the mobile terminal if there is basis. 

[0030] According to a fourth aspect of the invention 
there is provided a method for providing services to at 
least one mobile terminal comprising the steps of: 

associating services with a plurality of service loca- 
tions in an area the mobile terminal being moveable 
within the area; 

providing location information indicating the loca- 
tion of the mobile terminal; 
tracking the mobile terminal relative to the service 
locations so that the presence of the mobile terminal 
at a particular service location can be determined; 
receiving the location information and checking pro- 
file information to select certain services to be pro- 
vided to the mobile terminal; 
providing a collection of the selected services to the 
mobile terminal so that they can be chosen by a us- 
er of the mobile terminal; and 
providing services to the mobile terminal which are 
chosen by the user. 

[0031 ] Preferably the profile information is a user pro- 
file, a terminal profile or a service profile. It may be a 
combination of any or all of these. Preferably a service 
profile which defines a service deployment area is 
checked to see if the mobile terminal is in a location suit- 
able to receive the service. 

[0032] Of course, if only one service is selected, the 

collection will only comprise one service. 

[0033] According to a fifth aspect of the invention 



there is provided a mobile terminal according to any pre- 
ceding aspect of the invention. 
[0034] The invention will now be described by way of 
example only with reference to the accompanying draw- 
5 ings, in which: 

Figure 1 shows a coverage area of a communica- 
tions system; 

Figure 2 shows a system for providing LDSs; 
10 Figure 3 shows a notification framework; 

Figure 4 shows an embodiment of the notification 

framework of Figure 3 in SLP; 

Figure 5 shows the provision of services; 

Figure 6 shows the provision of services; and 
*s Figure 7 shows the provision of services. 

[0035] Figure t shows a coverage area 1 1 0 of a com- 
munications system. The coverage area has a plurality 
of routing cells 112 for routing of communications con- 

20 nections and a plurality of service deployment areas 
114. These areas are defined locations within which a 
mobile terminal is to be provided with particular servic- 
es. They can be defined in several ways. They may be 
a set of co-ordinates defining the physical boundary of 

25 an area, they may be an access point name or they may 
be a logical area such as an address or a floor of a build- 
ing. A particular service deployment area 114 is calcu- 
lated from the cell information obtained from a network 
location provider in the RAN. It may also be calculated 

30 from position obtained from a positioning system. 

[0036] The service deployment areas 1 1 4 are gener- 
ally contained within the routing cells 112. However, 
some of the service deployment areas 114 cover a 
number of routing cells 114 and thus overlap several 

35 routing cells 112. In addition, service deployment areas 
114 may overlap with, or wholly contain, other service 
deployment areas 114. 

[0037] The coverage area contains a number of 
WLAN hot spots 116 which provide network access for 
40 mobile users to obtain services. These hot spots may 
be located in, for example, airport lounges, shops and 
hotels, that is, in locations in which the public typically 
has need of services and where there may be consid- 
erable use of services. 
45 [0038] Hot spots provide for provision of highly local- 
ised services. In the case of WLANs service deployment 
areas can be in the order of tens of metres, for example 
25 to 1 00 metres across. They may provide services to 
customers in a specific room or floor in a building. Al- 
so though this embodiment shows WLAN hot spots, in oth- 
er embodiments, hot spots may be provided based upon 
a communications technology other than WLAN or a 
combination of different communication technologies. 
[0039] Location can be expressed in terms of physical 
55 location, for example in the form of co-ordinates, and in 
terms of logical location, for example a street address. 
A street address is a logical representation of a space 
from the viewpoint of a user. A logical location can be a 
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useful way to express location. For example, the service 
may relate to using a printer in a room. 
[0040] Physical location may be obtained from RAN 
cell information or a positioning system. Logical infor- 
mation may be obtained from a user or can be derived 
from physical location information. When logical loca- 
tion information is derived from physical location infor- 
mation, it is dependent on the tatter's reliability. Equally, 
physical location may be derived from logical location. 
[0041] When expressed in terms of co-ordinates, 
physical location information can readily be automati- 
cally computed. For example, distance calculations are 
simple to perform. 

[0042] Figure 2 shows a system 210 for providing 
LDSs to mobile terminals. It may be integrated in a mo- 
bile communications system and so may be located 
across the coverage area 11 0 of Figure 1 with individual 
routing cells being defined by base stations of the sys- 
tem. The system 210 comprises a network 212 and a 
plurality of mobile terminals. For the sake of clarity, only 
one mobile terminal, designated as 214, is shown al- 
though more may be present. The mobile terminal 214 
or mobile entity (ME) is carried by a user who is mobile 
across the coverage area 110 and wishes to access and 
use services provided by the network 21 2. It is to be un- 
derstood that such services will include communications 
services although the following is particularly concerned 
with other kinds of services. 

[0043] In addition to the provision of services, the sys- 
tem also controls advertisements sent by the network to 
mobile terminals. Since the user of the mobile terminal 
may not be aware in advance of services which are 
available, or which become available, advertisements 
are used to advertise the existence of specific services 
in specific locations to the user. This is done on-line. Ad- 
vertisements may be sent to users as they are travelling 
along, for example walking along the street or travelling 
in a car, or may be sent when a user enters a particular 
location, for example a building or a particular part of a 
building. 

[0044] In this embodiment, the network 212 is based 
on TCP/IP (that is transmission control protocol over In- 
ternet protocol). The ME 21 4 and the network 21 2 com- 
municate by any suitable transmission technology, for 
example via the general packet radio service (GPRS). 
Therefore, a preliminary step to the service-related pro- 
cedures set out in the following is that the ME 21 4 reg- 
isters with the network 212 and obtains an IP address. 
[0045] The system targets services to suitable mobile 
terminals or users by using profiles. Profiles are applied 
to the mobile terminal which is carried by a user, to the 
user (a personal profile) and also to a service. Different 
types of terminals have different capabilities for provid- 
ing users with appropriate service user interfaces and 
content. This may be due to the media they are using 
and to other physical restrictions, such as size and pow- 
er consumption. Among all possible services, only those 
suitable for a particular terminal are determined in order 



to make only useable services available to the user. This 
is called terminal profile matching. Services are targeted 
and made available to different categories of users. The 
users are mobile and they do not necessarily know 

5 which services are available at a particular location. 
Therefore, the user characteristics are examined and 
suitable services are targeted at them. This is called us- 
er profile matching. User profiles can also be used by 
mobile terminal users for searching other mobile termi- 

10 nal users according to the characteristics of these other 
mobile terminal users. This can be used to create ad- 
hoc communities, for service advertising, or for any oth- 
er user queries. Service users may be interested in a 
subset of services among all those available. The users 

'5 have preferences for service characteristics, they may 
have identified or subscribed as users of certain servic- 
es and/or they may wish to avoid others. To enable this, 
the service characteristics are examined and users suit- 
able to receive the services are identified. This is called 

20 service profile matching. Service characteristics, or 
service attributes, may include supported terminal 
types, supported terminal templates and personal tem- 
plates. 

[0046] The terminal profile enables the network 212 
25 to determine if the mobile terminal is able to support a 
particular service that is to be sent. The user profile en- 
ables the network 212 to determine if the user of a par- 
ticular terminal is a suitable target for any of the services 
provided by the network 212. If the service is location 
30 dependent, the service profile includes the location con- 
cerning the service deployment area where the new 
service is deployed, that is the area within which MEs 
are to have access to the new service. The service pro- 
file enables the network 212 to determine if the associ- 
35 ated service should be targeted at particular terminals. 
[0047] Examples of situations are set out below in 
which profile matching can be useful: 

A service may be targeted at users with a particular 
"to profile indicating a particular activity, for example 
whether the user is at work, at leisure, on vacation, 
in a meeting, absent or busy. 
A user may prevent particular services from being 
provided by indicating them in a list of avoided serv- 
45 ices. 

A service may be targeted at users depending on 
whether they are younger and/or older than speci- 
fied age limits. 

A service may be targeted at users of a certain pro- 
50 fession. 

A service may be targeted at users whose terminal 
is of a type among the types supported by the serv- 
ice. 

A service may be targeted at users depending on 
55 whether their terminals have either a graphical or a 
textual display. 

A service may be targeted at users with a keyboard 
and/or a mouse available on their terminals. 
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A service may be customised for a certain web 
browser, for a certain operating 
system, terminal manufacturer and/or for model, 
thus targeted at use on a terminal matching such 
criteria. 5 
A service, particularly advertising, may be targeted 
at users having a particular gender. 
A service may match a user's employer to deter- 
mine whether the user has a corporate customer- 
ship to the service. Business certificates can be 10 
used to certify the service and the users. 
A service may be customised for users in a certain 
department within a certain employer. 
A service may be targeted at users with terminals 
being able to understand certain multi-media (for 15 
example voice) formats in order to be useable on a 
user's terminal. 

A service may be targeted at users with terminals 
with a minimum screen size and/or a colour/mono- 
chrome display in order to be utilised on it. . 20 

[0048] The use of profiles in the system will be ex- 
plained in the following. 

[0049] The ME 214 provides a user identifier to the 
platform to identify the user. If only one user uses the 25 
ME 214, this user identifier may be the same as a ter- 
minal identifier which identifies the ME 214. If there are 
several users using the same ME 214, or sharing an 
equipment or an account identifier, the user identifier 
may discriminate between these users. Such an identi- 30 
fier may be provided by a smart card or a comparable 
trusted device enabled for digital signing. 
[0050] The mobile terminal comprises an LDS client 
216. This is pre-installed minimal client software in the 
ME 21 4, which interacts with the network 21 2. The LDS 
client 21 6 comprises a location agent 21 8, a user prof ile 
agent 220 and a service view agent 222. 
[0051] The location agent 21 8 is able to obtain loca- 
tion information from a number of sources before it is 
passed on to a location server 252 (which is described 40 
later). Location information provided by the ME 214 is 
generally considered to be not particularly reliable, al- 
though ft may be sufficient for certain services. The ME 
214 may provide location information which has been 
obtained from an external positioning system (such as 4 $ 
GPS). Location information may be derived from know- 
ing the location of a particular IRDA (Infra-Red Data As- 
sociation) or Bluetooth access point which the ME 214 
is communicating with. It may be provided by radio tags. 
It may be provided by a user in the form of logical loca- so 
tion information. 

[0052] Different sources of location information have 
different reliabilities. In general, information provided by 
the mobile terminal may not be trusted. This is especially 
likely if privacy and money are relevant to the service. 55 
Therefore, it is desirable that the RAN provides a basic 
mechanism forgetting location information. In this case, 
the location information is provided to the location server 



252 by a location information source in the network. This 
may be an indication of an individual cell in which the 
ME 214 is located or, more preferably, provided from a 
network location provider, for example operating by 
TOA/EOTD estimations. Equally, it may be provided by 
a WLAN access point communicating with the ME 214 
which is able to confirm to the network 214 where the 
ME is located. The mapping between physical locations, 
that is, co-ordinates and spaces and different forms of 
logical locations, for example those comprehensible to 
humans, is done in the location server 252. The network 
is generally considered to provide the most reliable lo- 
cation information. 

[0053] Whatever the source, that is whether from the 
network 21 2 or the ME 214, the accuracy of the estimat- 
ed physical location varies with the different methods 
used (GPS has an accuracy of tens of meters and TOA/ 
EOTD has an accuracy of hundreds of meters) and with 
location environment conditions (GPS does not work 
very well indoors, cellular coverage may have poor cov- 
erage in places and accuracy problems may exist relat- 
ed to bad multi-path, poor line-of-sight (LOS) availability 
and may be derived from the last known location of an 
idle mobile terminal in a location area). 
[0054] It should be understood that all of the available 
sources of information are not alternatives but present 
a pool from which the system can choose. Although all 
of the possibilities mentioned might not be present, if 
two or more location information sources are available, 
they are aggregated and stored in the location server 
252. In this way the best, or most appropriate, source of 
location information may be used. For example, in the 
case of a call made by th e user to an emergency service, 
although the network can establish the origin of such a 
call using TOA/EOTD calculations, more accurate infor- 
mation may be desired, in which case other sources of 
location information may be used, for example GPS (if 
it is available). In other words, the system is able to use 
location information to track a user/ME 214 to a suffi- 
cient or greater level of accuracy. 
[0055] When the location information is received by 
the network 212, particularly by the location server 252, 
location meta-information is attached, indicating its 
source and the time of its receipt. Sources of location 
information are classified and each individual location 
information is assigned an identifier indicating the 
source. The time is given in the form of a time stamp. 
The meta-information is attached so that a service can 
assess the reliability of the location information. This in- 
volves the trustworthiness of a source, its accuracy or 
precision and its timeliness (older location information 
might be less reliable). The meta-information may be 
compiled so that it is in the form of a "reliability and pre- 
cision index". This index value used can be agreed be- 
tween the network operator and service providers and 
then the service providers can specify in connection with 
their services whether some reliability is required and 
the necessary level of index value. 
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[0056] The user profile agent 220 provides character- 
istics of the ME 214 which may be relevant to the pro- 
vision of services. It also provides the preferences which 
have been recorded by the user. Such user preferences 
may even be pre-set, for example by a network operator 
depending on the level of service which has been paid 
for. These preferences are stored in the ME in a stand- 
ard format (such as Resource Description Framework 
(RDF), a meta-data architecture for the World Wide 
Web). 

[0057] The service view agent 222 provides the M Es 
214 with the capability to browse services on the net- 
work 21 2 presented in the form of service views. A serv- 
ice view is a dynamically created repository of service 
handles for each ME connected to the network. In short 
it represents the "set of services applicable to a user in 
a particular location". The service profiles and their at- 
tributes are stored, in the form of templates, in a service 
directory which is simply a collection of the service pro- 
files. The service view agent 222 is a client side of a 
publish -subscribe model of communication having serv- 
ice views. "Publish-subscribe" means that the service 
configurator publishes the services to the user using the 
service view, and the ME user is free to subscribe to any 
of the services offered. 

[0058] In the event of a service being selected by a 
user, if software is necessary to carry out the service, 
the service view agent 222 interacts with the network's 
HyperText Transfer Protocol (HTTP) server or daemon 
(HTTP daemon 258) to download client side code of 
services, that is downloading of software to an ME to be 
used in provision of a service, in the form of a service 
use agent (discussed below). Typically this is in the form 
of one or more Java applets. When a user connects to 
a service web site, a piece of software is downloaded to 
an ME Web browser, which then automatically runs the 
software in a Java Virtual Machine in the browser. This 
program execution may then connect to a Web server 
site and collaborate with the server software there to 
provide the user with the service. 
[0059] The M E 21 4 also comprises a network discov- 
ery part 224 comprising a network discovery agent 226 
and a services usage part 228 comprising service use 
agents 230. 

[0060] The network 21 2 comprises a network discov- 
ery part 232 and a service usage part 234, each of these 
parts operating with corresponding parts in the ME 21 4. 
The network discovery part 232 of the network 21 2 com- 
prises network access service (NAS) 236, a dynamic 
host configuration protocol (DHCP) server 238 and a 
certification authority (CA) 240. The NAS 236 is the 
known contact point for an ME network discovery agent 
to contact to and establish a connection with a network. 
When an ME 21 4 has discovered a network by connect- 
ing to the NAS 236 (this happens in a way which is de- 
pendent on the RAN), it gets from the DHCP server 238 
an IP address for itself and the IP address of the Direc- 
tory Service (DHCP is also responsible for providing the 



ME with other parameters to configure an Internet con- 
nection). Reliable service-client (ME) relationships can- 
not be established without authenticating both the client 
and the service to each other. The CA 240 provided by 
s the system facilitates this by acting as a trusted third 
party. 

[0061 ] The service usage part 234 of the network 21 2 
comprises LDSs 242 which are active in the network 21 2 
at a particular time and a billing server 244. The billing 

10 server is active for certain services which carry a charge. 
[0062] The LDSs 242 include location aware services 
246 and location critical services 248. The location 
aware services 246 may be initiated when a ME 214 is 
in a particular location, but do not need to be terminated 

15 when the ME 214 moves away from that location. The 
location critical services 248 are only provided when the 
ME 21 4 is present in a particular service deployment ar- 
ea 1 14 and must be terminated once the ME 21 4 moves 
out of that area. This occurs when the location server 

20 252 publishes a departure indication or an "out of zone" 
event which is received by the location critical services 
248. Departure indications may not be an essential part 
of the service as the messaging overhead may be quite 
significant if a new session key has to be made and dis- 

25 tributed. The LDSs 242 receive up-dates of location in- 
formation as will be described below. 
[0063] Location independent services, such as any of 
the other services available in the World Wide Web, may 
also be provided. These location independent services 

30 are not shown in this Figure. 

[0064] The network 21 2 also comprises a customised 
services discovery and advertisement part 250 which 
co-operates with the LDS client 216. The services dis- 
covery and location part 250 of the network 212 com- 

35 prises a location server 252, a service configurator 254, 
a service view 256 and the HTTP daemon 258. The 
service configurator 254 has associated with it a service 
repository 260 which contains the actual services which 
service providers have registered with the network 212. 

40 The service directory is a database of the service repos- 
itory 260. The service configurator 254 connects to, in- 
itialises and launches the services 242 in the addresses 
in the service entries, activating them in the network 212 
for theMEs214. 

45 [0065] Services are registered With the network 212 
at the request of a service provider. The service provider 
negotiates with the service configurator 254. Before a 
service can be registered, the service configurator has 
to authenticate the service provider. This is to confirm 

50 to the ME user that all services presented to him are 
legitimate. After authentication, the service configurator 
254 is provided with a service entry for that service, in- 
cluding among other characteristics the type of service 
provisioning to be used, that is whether the service is a 

55 pushed one, whether ft requires downloading of code, 
whether it is connected to by a ME, or whether it has to 
be launched in some remote service host. The service 
profile is provided for profile matching to enable service 
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advertising to suitable MEs and user target groups and 
to enable users to find suitable services. Profiles are 
used so that services can be offered via service views 
in a spontaneous way to users without being specifically 
requested. This is useful since the user may change lo- 5 
cation and the available services may change automat- 
ically in response. 

[0066] The location server 252 receives and main- 
tains the current location information of the MEs 214 in 
the coverage area 1 1 0 of the network 212. Location in- 10 
formation is stored, passed on and expressed using Re- 
source Description Format (RDF) and Extensible 
Markup Language (XML). The location server 252 uses 
the location information to compute the location of the 
ME 214 within the coverage area 1 10. The location serv- 1$ 
er 252 determines the boundaries of service deploy- 
ment areas 114 of LDSs from information provided by 
service providers. It maps the location of the ME 21 4 to 
service deployment areas 114. The service is thus pro- 
vided with location information and an indication of its 20 
precision, and the service decides whether to transact 
the service with the ME 214 based upon the precision 
and reliability of the location information. This depends 
on the location meta-information. Each service may 
specify a policy and practises for using the meta-infor- 25 
mation. In a situation in which service deployment areas 
overlap, the location of the ME 214 may be mapped to 
more than one service area. 

[00671 Tne location information is used to generate lo- 
cation up-date events to services in the network to indi- 30 
cate movement of MEs 214 into and out of service de- 
ployment areas 114, respectively "in zone" and "out of 
zone" events. This is useful in the case of overlapping 
service deployment areas 114 since this information can 
be used to track MEs 21 4 and thus up-date the services 35 
which should be targeted at them. Therefore, since the 
location server 252 tracks the MEs 21 4, only these sig- 
nificant events need to be provided for external use out- 
side of the location server 252, for example in the serv- 
ice configurator 254. 40 
[0068] The location server 252 may interact with suit- 
able Authentication, Access Control and Accounting 
(AAA) to validate the location information. AAA is need- 
ed in the system to support those functions for use of 
LDSs via MEs. Smart cards may be used as a means 45 
for authenticating the user. In the architecture, a certifi- 
cate authority (CA) is used to implement AAA. 
[0069] The service configurator 254 customises serv- 
ices which are presented to MEs 214. It interacts with 
the LDS client 21 6 and plays a key role in the advertise- so 
ment of services. Its functions are: 

receiving registrations from services; 

receiving service queries from MEs 214; 

obtaining ME location information from the location 55 

server 252; 

interrogating the service repository using key pa- 
rameters, such as location, 



terminal and profile, to find the set of services ap- 
plicable to this ME and creating a customised serv- 
ice view; 

advertising new services to registered MEs togeth- 
er with service views; and 

resolving the actual user profile to be used in deter- 
mining the service view to be used. 

[0070] When a new service view is created, the serv- 
ice configurator 254 provides its handle to the ME 214. 
The service views can be populated by the service con- 
figurator 254 with new service handles as and when new 
services are added, provided that the profile of the serv- 
ice matches that of the ME/user for whom the service 
view was originally created. 

[0071] Within the services discovery and location part 
250 are the parts of the system which operate as a no- 
tification framework in order to informs MEs of new net- 
work services that are available in their proximity. The 
notification framework is a sub-system within the system 
described above. In this context a notification may in- 
clude service information such as service attributes, a 
service handle and a uniform resource locator (URL) 
from which the client part of a service (corresponding to 
the service use agent 230) may be downloaded. Notifi- 
cations may contain less information, for example URLs 
with text which explains their nature to the user or ad- 
vertisements in the form of pure text which can be dis- 
played without any further addition to the service view 
on the client side being necessary. An ME 214 needs to 
receive a notification before it is able to establish a re- 
lationship with a service. Once the relationship is estab- 
lished, the ME 214 and the service can communicate 
directly. This means that service providers are not able 
to push services onto the MEs 21 4 and that the service 
configurator 254 is involved in the provision of services 
and thus controls the services which are provided. 
[0072] The notification framework is shown in Figure 
3 and comprises a subscriber, represented by the LDS 
client 216 embodied within an ME 214, communicating 
with a network operator and subsequently a service pro- 
vider. On the network side is an arbiter and a location 
provider. The arbiter corresponds to the service config- 
urator 254 of Figure 2 and has access to services which 
have already registered with the system. As explained 
above, these are stored in the service repository 260. 
The location provider corresponds to the location server 
252 and its sources of location information (whether 
these are from the network or from the ME 214). 
[0073] Combining the notification and the service 
query minimises network traffic. 

[0074] At start-up, when the ME 214 makes its first 
connection to the network 212, it also sends a query 
containing the profiles of the user and of the ME 21 4 to 
the network 212. The query is received by the arbiter. 
The location agent 218 provides location information 
concerning the location of the ME 214 with the query 
and it is received by the location server 252 of the net- 
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work 212. This is necessary for the ME 214 to be able 
to get LDSs, that is, the arbiter may check in which lo- 
cations users are located and direct relevant notifica- 
tions only to those MEs in certain locations. 
[0075] The service configurator 254 uses profile 
matching to create a service view of services applicable 
to this particular ME and the user profile. This involves 
the service configurator 254 looking at service profile 
and deployment service information from the service re- 
pository 260 and then identifying those services which 
correspond to those of the user profile. In addition, the 
service profile and terminal profile are reviewed to pro- 
vide a particular range of services which are compatible 
with the particular terminal and the user. These services 
are then provided (delivered) to the M E as a service view 
from which it is accessible by the service view agent. 
The service configurator 254 then determines which 
services match the user profile and are geographically 
suited to the location of the ME 214. 
[0076] The service configurator 254 then sends a 
service view handle to the LDS client 216. The service 
view handle is an identifier of the set of applicable serv- 
ices that has been negotiated by the service configura- 
tor 254 as complying with the user, ME and service pro- 
files of the user, ME 214 and the services. By using the 
service view handle, the service view agent 222 can 
browse the service view 256 and thus present available 
services to the user via the ME. The notification frame- 
work updates the service view to the ME each time it 
changes on the network side. Thus the updates are au- 
tomatic. 

[0077] This is operation is shown in Figure 5. 
[0078] There are a number of ways in which the serv- 
ices available to the user/ME 21 4 can change following 
those made available at start-up. New services can be- 
come available when an ME 214 moves into another 
service deployment area. As the ME 214 moves, it 
sends location information concerning its new location 
to the location server 252 of the network 212. The loca- 
tion server 252 tracks the ME and, using its information 
about the bou ndaries of service deployment areas, it in- 
forms the service configurator 254 when the ME moves 
from one service deployment area to another. The serv- 
ice configurator 254 checks the new location against the 
services in its service repository 260 and identifies those 
which are newly available (assuming that there is a 
match between the profiles of the user/ME and the serv- 
ice). These new services are added to the service view 
which then provides a remote up-date event to all of its 
MEs 214 which have subscribed for up-dates of servic- 
es. The service view agent up-dates its view so that the 
user can see the current range of available services. 
Since service deployment areas can overlap, it is pos- 
sible that the ME 21 4 may move into a new service de- 
ployment area whilst remaining within the boundaries of 
its original service deployment area. 
[0079] This operation is shown in Figure 6. 
[0080] If the ME gives imprecise information about its 



location, then it does not receive LDSs relevant its actual 
location, but instead receives LDSs relevant to another 
area. Therefore, it is desirable for the ME to give correct 
(and possibly accurate) information. On the other hand, 

5 if a service require reliable location information in order 
to provide a service, the service uses information, 
whose source is in network, rather than in the ME 214. 
[0081] It should be remembered that in moving, the 
ME 21 4 may move out of its current service deployment 

10 area. In this case, the service configurator 254 uses the 
new location information and refers to "its service repos- 
itory 260 to determine that certain LDS are no longer 
available. Accordingly, the service view is up-dated, and 
the services can thus be used by the user referring to 

is the service view agent. 

[0082] Instead of the M E entering or leavin g a service 
deployment area, the service can enter or leave the net- 
work by being registered or de-registered. It is to be un- 
derstood that entering or leaving a service deployment 

20 area can occur as a result of physical movement of an 
ME or it can occur if the ME is switched off and its con- 
nection to the network 212 is broken. 
[0083] At start-up or at any later time, the ME 21 4 can 
make a subscription. The subscription includes reply ad- 

2S dress, lease time and advertisement wish lists giving us- 
er preferences of the categories of advertisements 
which the user would like to receive, for example those 
concerning music, clothes, restaurants and hotels. This 
means that the user will receive a service view update 

30 and receive details of additional, that is new, services 
which become registered in the network 212. When a 
new service is registered with the service configurator 
254 it activates the new service so that it is invoked and 
active (in services 242) in the network 212. The system 

35 then follows a procedure similar to that above in order 
to modify the service views for the M Es although the pro- 
cedure is only applied to those MEs which have sub- 
scribed for up-dates of services. The service configura- 
tor 254 adds the new service to its service repository 

40 260. The service configurator 254 then provides to the 
location server 252 service deployment area informa- 
tion. The location server 252 uses the deployment area 
information to determine which subscribing MEs are 
currently located in the service deployment area. This 

45 information is then forwarded to the service configurator 
254. The service configurator 254 checks the subscrib- 
ing MEs, and selects those whose user profiles match 
the service profile of the service which has been regis- 
tered. It then up-dates the service views 256 of those 

so MEs which have a matching profile and are currently lo- 
cated in the new service deployment area. The new 
service is given a service view handle. The service view 
256 then sends an up-date event to the service view 
agent 222 of the ME. The service view agent 222 then 

55 up-dates the service view. Services for an ME are 
grouped together under one handle. 
[0084] Therefore, in a system according to the inven- 
tion, the arbiter sends a notification relating to the new 
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service individually to those MEs 214 which have sub- 
scribed and are in an appropriate location. This happens 
without the MEs heeding specifically to request such a 
notification and so can occur without the MEs needing 
to poll the network frequently for such notifications. 5 
[0085] This is operation is shown in Figure 7. 
[0086] Notifications connected to services (including 
advertisements) are passed through, and are thus con- 
trolled by, the arbiter. 

[0087] If subscriptions to services have an associated 10 
lease time, they have to be renewed before the lease 
time expires. Renewal of subscription may contain a dif- 
ferent advertisement wish list. In addition, service pro- 
viders may renew their registrations of services at any 
time with different attributes including suitability for par- is 
ticular terminals according to their physical restrictions 
(such assize, power consumption), different capabilities 
for providing the user with appropriate service user in- 
terfaces and content and target user characteristics. It 
may, of course, also contain details of a new location. 20 
[0088] Conversely, services may be unsubscribed by 
the ME user modifying avoided services and advertised 
services attributes in the user profile. Those changes 
are reflected in the results of profile matching done to 
find applicable and advertised services for the user. This 25 
requires the subscriber to send an unsubscribe mes- 
sage to the arbiter. The unsubscribe message indicates 
the service, services, advertisement or advertisements 
which are no longer required. The subscriber is then re- 
moved from the arbiter in relation to certain services or 30 
advertisements. 

[0089] Registration of a new service can happen at 
any time, at the request of a service provider. The reg- 
istration procedure described above is followed and, if 
suitable, the service is registered and a service entry is 35 
installed in the service repository 260. 
[0090] I n addition to registration of services, advertis- 
ers may also be registered as an advertising service to 
the arbiter. The arbiter may authenticate the registration 
to confirm the identity of an advertiser. This is especially 40 
relevant if a banking service is being used. The adver- 
tisements sent by the advertiser to the arbiter may have 
certain attributes. The arbiter may then check the list of 
subscribers and select those whose profiles match the 
attributes. The arbiter then sends the advertisements 45 
only to suitable subscribers. Although the advertisement 
may be stored in the arbiter, it is preferred that it is simply 
forwarded on to subscribers. 

[0091] Services may also be de-registered at the re- 
quest of the service or the service provider. The service so 
is removed from the system and a de-registration mes- 
sage is sent to the arbiter. The service is then removed 
from the arbiter database. This also applies to adver- 
tisements. 

[0092] The notification framework allows the MEs to ss 
discover network services without actively searching for 
them. It also enables service providers to advertise their 
services in a controlled way. 



[0093] In one embodiment of the invention, the notifi- 
cation framework is applied as an extension to the SLR 
SLP provides a way to store network service registra- 
tions and clients to retrieve these registrations on de- 
mand. In its known form, the SLP does not provide no- 
tifications but instead relies on frequent polling. Figure 
4 shows an SLP extension implementation according to 
the invention. Figure 4 shows the features of an SLP 
implementation applied to the notification framework of 
Figure 3. The arbiter is implemented by an SLP directory 
agent (DA) having a service configurator 254. The DA 
keeps a directory of network services and subscribers 
and is the primary connection point for the registration 
of services and the look-up of services. The extension 
implements the notification functionality discussed 
above. On the subscriber side, the SLP user agent (UA) 
provides the service query mechanism. This is extended 
by an advertisement agent in the ME 214. The adver- 
tisement agent, which is conveniently part of the user 
profile agent 220, handles the user registration to the 
network and monitors service advertisements or an- 
nouncements, which includes capabilities to gather us- 
er/terminal profiles. It sends this information as a sub- 
scription to the service configurator/SLP DA. The sub- 
scription includes the reference back to the subscriber, 
so that the service configurator may reply back to the 
subscriber by uni-cast. The advertisement agent is also 
capable of listening to the advertisements sent from the 
service configurator. 

[0094] The service has the standard SLP service 
agent (SA) to register itself to the service configurator 
254. If the service wants to send commercial advertise- 
ments, it has to register itself as an advertiser to the 
service configurator 254. After that, it may send regular 
advertisements (for example URLs to its web pages) 
through the service configurator 254. The service con- 
figurator 254 is able to authenticate the advertiser so 
that a hostile service is not able to flood the network with 
advertisements. Furthermore, the validity of services 
can be confirmed. 

[0095] The notification information can be delivered 
with standard SLP messages or in message extension 
fields. 

[0096] In another embodiment, the implementation 
uses Java-based Jini connection technology. The com- 
ponents are implemented with Java and they communi- 
cate with each other using internal protocols provided 
by Java. 

[0097] Whichever embodiment is used, service pro- 
viders must send their notifications of new services via 
the arbiter or the service configurator 254. It is only after 
a service has been subscribed to by the ME 214, that 
there can be direct communication between the service 
and a service use agent established on the terminal 
side. Advertisers do not have a direct connection to the 
ME 214 and must communicate via the arbiter or the 
service configurator 254. Therefore, the arbiter or the 
service configurator 254 is able to authenticate adver- 
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tisers and control advertisement traffic in the network 
212. Since the arbiter or the service configurator 254 
matches profiles and knows the addresses of individual 
MEs which are interested in particular kinds of services 
and advertisements, it is not necessary for multi-cast to 
be used for notifications and uni-cast notifications can 
be sent directly to relevant M Es 21 4. The system is able 
to support location based advertisements as the arbiter 
or service configurator 254 can check the location of 
subscribers (MEs) and attach this information to the 
subscription. The advertisements can then by directed 
to a certain location and sent only to those subscribers 
which are in that location. 

[0098] Although the system is largely based on actual 
location, provided by a suitable location information 
source, for example as a ME 214 attribute, it does not 
always need only to rely on such M real M location informa- 
tion. Since users may be able to foresee their future lo- 
cations, this information can be provided to the network 
212 and the network may provide a service to a mobile 
terminal at afuture location. In this event, it may be nec- 
essary to specify a time at which the user/ME 214 will 
be present at this location. The system may be able to 
check from another information location source at this 
time whether the user/ME 214 is actually in the specified 
location and decide whether to provide the service. 
[0099] The system can use different sources of (loca- 
tion) information, but provides the users (MEs, their us- 
ers and LDSs) with a common interpretation of the in- 
formation from different sources facilitating the use of 
this information. 

[0100] Although the system carries out profile match- 
ing to build up a list of services in the service views, a 
user may customise these services by having them or- 
dered, by certain (possibly location-dependent) criteria, 
selecting the best according to certain (possibly loca- 
tion-dependent) criteria, and narrowing the choice by 
additional (possibly location-dependent) conditions for 
the service location. For example a selection among 
multiple printers by a mobile user may lead to selecting 
a printer close to the user's anticipated destination. A 
fast moving user may wish to select a VoIP (voice over 
IP) service with the largest service area among the ones 
available. In this way, the user may be presented with a 
list of services which satisfy his user profile and then 
select from them based on his own additional preferenc- 
es. 

[0101] The invention provides an architecture for lo- 
cation based service discovery which simplifies the de- 
ployment and maintenance of LDSs on wireless based 
data networks, for example IP-based, over any access 
technology. 

[01 02] The system is able to support billing since the 
arbiter is able to authenticate the service providers and 
the advertisers and to monitor provision of services and 
sending of advertisements. This provides an especially 
convenient way of generating advertising revenue. 
[01 03] It should be understood that although the fore- 



going describes tracking of mobile terminals, such track- 
ing is not always necessary. Therefore, an authorisation 
mechanism is provided to allow the mobile terminal to 
be tracked only if it has activated a service that needs 

5 to know its location. 

[0104] Particular implementations and embodiments 
of the invention have been described. It is clear to a per- 
son skilled in the art that the invention is not restricted 
to details of the embodiments presented above, but that 

10 it can be implemented in other embodiments using 
equivalent means without deviating from the character- 
istics of the invention. The scope of the invention is only 
restricted by the attached patent claims. 

15 

Claims 

1 . A system for providing services to at least one mo- 
bile terminal comprising: 

20 

an area containing a plurality of service loca- 
tions to which services are associated, the mo- 
bile terminal being moveable within the area; 
a plurality of location information sources to 

25 provide location information indicating the loca- 

tion of the mobile terminal; 
means for tracking the mobile terminal relative 
to the service locations so that the presence of 
the mobile terminal at a particular service loca- 

30 tion of a service can be determined; 

a server for receiving the location information 
and determining whether location information 
from at least one source provides a basis for 
providing the service; and 

35 means for providing the service to the mobile 

terminal. 

2. A system according to claim 1 which the server de- 
termines that location information from more than 

40 one source provides a basis for providing the serv- 
ice. 

3. A system according to claim 1 or claim 2 in which a 
classification is applied to the location information 

45 which indicates the reliability of the location infor- 
mation. 

4. A system according to claim 3 in which the server 
receives and classifies location information from all 

so of the location information sources. 

5. A system according to any preceding claim in which 
the selection means is associated with at least one 
service which determines whether to provide the 

55 service. 

6. A system according to any preceding claim in which 
there is a plurality of different types of location in- 
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formation sources. 

7. A system according to any preceding claim in which 
the location information sources comprise at least 
one electronic system for determining location. 

8. A system according to any preceding claim in which 
the location information sources comprise informa- 
tion being provided by a user of the mobile terminal. 

9. A system according to any preceding claim in which 
at least a source of location information is selected 
from a list consisting of GPS, Time of Arrival (TOA), 
Estimated Observed Time Difference (EOTD) and 
proximity to access points. 

10. A system according to claim 9 in which the source 
of location information is based on proximity to IR- 
DA transmitters, radio tag transmitters, Bluetooth 
access points or WLAN access points. 

11. A system according to any preceding claim which 
comprises a location information handler to convert 
location information presented in different forms in- 
to different logical location representations of the lo- 
cation information. 

12. A system according to claim 11 in which the location 
information is converted into a human-readable 
form. 

13. A system according to any preceding claim which 
comprises means for uniquely identifying the mo- 
bile terminals. 

14. A system according to any preceding claim which 
comprises a profiling sub-system which keeps and/ 
or compiles profiles related to one or more of a user, 
mobile terminal and a service. 

15. A system according to claim 14 in which service pro- 
files are compared against at least one of a user 
and a mobile terminal profiles to determine whether 
provision of services to such a mobile terminal or a 
user is permitted. 

16. A system according to claim 14 which comprises 
means for downloading applications into mobile ter- 
minals in order to provide certain services. , 

17. A system according to any preceding claim which 
comprises a plurality of superimposed wireless sys- 
tems. 

18. A system according to claim 17 in which there is 
communications system having a positioning sys- 
tem superimposed on it. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



19. A system according to any preceding claim which 
comprises a wireless communications system. 

20. A system according to any preceding claim which 
comprises a cellular telephone network. 

21. A mobile terminal for use in a system according to 
any preceding claim. 

22. A computer program product comprising a compu- 
ter readable medium having thereon: 

computer executable code for defining a plural- 
ity of service locations in an area and associat- 
ing services with the service locations; 
computer executable code for receiving loca- 
tion information from a plurality of sources indi- 
cating the location of at least one mobile termi- 
nal moveable within the area; 
computer executable code for tracking the mo- 
bile terminal relative to the service locations so 
that the presence of the mobile terminal at a 
particular service location can be determined; 
computer executable code for determining 
whether the location information from at least 
one source provides a basis for providing the 
service; and 

computer executable code for providing the 
service to the mobile terminal if there is basis. 

23. A method for providing services to at least one mo- 
bile terminal comprising the steps of: 

associating services with a plurality of service 
locations in an area the mobile terminal being 
moveable within the area; 
providing location information from a plurality 
of location information sources indicating the 
location of the mobile terminal; 
tracking the mobile terminal relative to the serv- 
ice locations so that the presence of the mobile 
terminal at a particular service location of a 
service can be determined; 
receiving the location information and deter- 
mining whether the location information from at 
least one source provides a basis for providing 
the service; and 

providing the service to the mobile terminal if 
there is basis. 
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